Adaptive solid lubricants were developed to provide friction and wear reduction in aerospace environments such as ambient humid air, vacuum, or dry nitrogen (storage and on ground testing). Achieving high durability and long life requires solid lubricant reservoirs near the tribological surface. Reservoirs were fabricated using precision laser processing to generate arrays of micrometer-sized holes with well-controlled size, location, and density on the surface of hard ceramic coatings applied to steel substrates. Solid lubricants based on dichalocogenides and carbon were applied by burnishing and sputtering to the laser treated surfaces. Sliding friction tests were performed against steel balls in environments with different humidity. The result indicates that there is an optimum reservoir surface density, where the life of the solid lubricant is improved by an order of magnitude. The laserprocessed reservoirs enable coating operation in variable environments.
INTRODUCTION
Over recent years, the concept of adaptive "chameleon" tribological coatings was developed, where coatings were designed to self-adjust their tribological contact chemistry and structure depending on the operation environment and temperature to reduce wear and friction in sliding contacts of aerospace systems [1, 2] . These "chameleon" coatings were produced by hybrid vacuum deposition processes.
An alternative approach is a uniform distribution of solid lubricant reservoirs over the entire area of the tribological contact using laser surface processing. Adjustment of the surface roughness to create such reservoirs to hold MoS 2 or other solid lubricants were reported in a number of earlier publications [3, 4] . Recent progress in laser surface treatments with ultra-violet (UV) lasers opened new possibilities for tribological surface topography modification. It is now possible to produce micron-sized holes in the surface of hard ceramic coatings with a pinpoint control over location, size, depth, and surface density. Solid state pulsed UV laser surface processing is relatively non-expensive and fast (rates at 100 hole/s), and provides a considerable reduction in surrounding surface overheating in comparison to infrared lasers. The technique can be used to produce solid lubricant reservoirs with a relatively deep storage inside hard coatings and with a tunable geometry and surface density. This paper explores the applications of UV pulsed lasers in processing surfaces of TiCN coatings to generate reservoirs of MoS 2 and adaptive MoS 2 /graphite/Sb 2 O 3 solid lubricants with "chameleon" tribological behavior.
EXPERIMENTAL
TiCN coatings with 8 µm thicknesses were produced by a cathodic vacuum arc evaporation on the surface of 1 inch diameter Inconel 718 substrates. The coating was subjected to UV laser treatment to drill holes with 10 and 20 µm diameters, 3-5 µm depths, and spacing from 20 to 200 µm (Fig. 1) . Three types of solid lubricants were applied to the laser treated surfaces. One was MoS 2 dry powder burnished to the sample surface, pressing the powder inside the holes. Another was an MoS 2 thin film of 8 µm thickness deposited in a vacuum chamber using magnetron sputtering. The third was a mixed MoS 2 /graphite/Sb 2 O 3 powder burnished to the sample surface to generate a "chameleon" tribological surface with an adaptive response to dry and moist operating environments.
Tribological tests were performed with a ball-on-disk tribometer against M50 steel balls under 0.8 GPa initial contact pressure at sliding speeds of about 0.2 m/s. The tests were run in air with the relative humidity (RH) controlled to 40±2% and in dry nitrogen with below 1% RH. The wear life was determined by the number of revolutions (one revolution was about 0.06 m of sliding distance) before an abrupt increase of coefficient of friction (c.o.f.) to above 0.6-1.0. Cycled environment tests were performed with humidity cycling from 40% RH in air to less then 1% RH in dry nitrogen. A micro Raman analyses was used to investigate phase transformations within the tribocontacts.
SUMMARY OF RESULTS
Burnishing of MoS 2 powder to the laser treated surfaces and sliding tests in 40 % RH air environment were used to evaluate the effect of reservoir surface density. This test environment was selected to accelerate testing due to high rates of MoS 2 oxidation and friction degradation in humid air sliding. There were obvious smeared regions inside wear tracks, where only MoO 3 could be detected by micro-Raman analyses. The ongoing wear process also opened lubricant reservoirs. When Raman spectra were taken from inside reservoir holes, hexagonal MoS 2 was clearly present without evidence of oxidation. The release of this preserved material in the process of TiCN coating wear helped to extend the lubrication in harsh conditions. In more favorable dry nitrogen conditions, this helped to maintain c.o.f. at about 0.01 for 2 million cycles (run was terminated).
There was an optimum surface reservoir density, when there was just enough lubricant storage inside TiCN coatings to reduce friction and provide a long wear life of the hard coating/solid lubricant combination. From Figure 2 the maximum of wear life had occurred at about 50 µm reservoir spacing, independent of the reservoir diameter. This structural and chemical selfadaptation of the transfer film was verified with Raman analyses. Importantly, this self-adaptation maintained a low friction coefficient in all cycles by a supplying fresh solid lubricant from laser-drilled reservoirs in the TiCN coating surface. This confirms that laser processed lubricant reservoirs in hard coating surfaces are very efficient for storing and preserving "chameleon" lubricants designed to operate across multiple environments. 
